INTRODUCTION
Secondary conditions that develop in adults with spinal cord dysfunction (SCD) can have severe consequences. Of note, pressure ulcer prevalence has increased in recent years for people with spinal cord injury (SCI), with diagnosed pressure ulcer prevalence in persons with SCI at 27%. 1 Multiple sclerosis (MS), paralysis and several other diseases have been reported more often in pressure ulcer-associated deaths than in matched controls. 2 Depression is another common secondary condition for persons with SCD. Approximately 1 in 5 persons with SCI have major depression, about three times the general population rate, with prevalence for most studies between 15-23%. 3 People with MS also have a higher prevalence of depression than the general population. 4 For persons with severe mobility impairments due to SCD, telehealth interventions have focused mostly on the prevention and management of secondary conditions, including pressure ulcers 5 and depression, 6 or on improving health behaviors. 7 An emerging trend in creating telehealth programs is the use of interactive voice response (IVR) telephony that allows for virtual health care to monitor and assess patients' health and disease status, promote healthy behaviors and improve health outcomes. The advantages of the virtual healthcare approach compared with human telehealth interventions include its relative low cost, convenience for the patient, potential for widespread use, anonymity and user acceptability. 8 Despite their growing popularity, very few have been thoroughly evaluated. 9 The CareCall system involves an IVR system to generate digitized speech over the telephone, speech recognition software, a conversation control system that directs the content and flow of individual conversations with users and a database management system for storing user information and call logs. 10 We conducted a single-blind, randomized controlled trial to evaluate the efficacy of CareCall on several important secondary conditions for persons with SCD. Our primary hypotheses were that over a 6-month period, CareCall would: (1) decrease the prevalence of pressure ulcers, (2) decrease the severity of depression, (3) increase appropriate use of preventative outpatient health care and (4) reduce emergency room visits and hospitalizations.
MATERIALS AND METHODS

Study design
The intervention group received CareCall for 6 months, whereas the control group received usual care. We allocated participants to study groups using a stratified block randomization method to ensure balance by recruitment site (Boston Medical Center and Gaylord Hospital in Wallingford, CT, USA), diagnosis (MS and SCI) and acute vs chronic condition (SCI subsample only). All study staff collecting data were masked as to study group assignment.
Participants
The study's target population consisted of persons with SCD (SCI or MS) recruited from community disability organizations, or rehabilitation medicine outpatient clinics and inpatient services, who typically used a wheelchair at least 6 h a day during normal waking hours. (See Table 1) Of the 709 recruited participants (see Figure 1 ), 567 were excluded during the initial screen (before randomization). In total, 142 subjects were randomized into the study, with specific diagnosis breakdown of 106 with SCI and 36 with MS, of whom 133 (93.7%) completed the study. In the intervention group, 4 were lost to follow up and 2 discontinued participation, while in the control group, 3 were lost to follow up. See Figure 1 for further details.
Study measures
The project coordinator collected demographic measures from the participants by phone, as part of an initial eligibility screening, while additional background items were collected at the baseline home visit.
Pressure ulcer prevalence was measured by data collector observation using the pressure ulcer scale for healing (PUSH) tool version 3.0. 11 The Patient Health Questionnaire-9 depression screener was employed to measure the severity of depression. 12 Health-care utilization was measured by self-report using the Cornell Services Index. 13 Health-care utilization was also measured by self-report using question 5 of the Craig Hospital Inventory of Environmental Factors-Short Form version 3.0. 14 We collected information on hospital visit (yes/no) and emergency room visit (yes/no) from the Cornell Services Index, as well as the Craig Hospital Inventory of Environmental Factors-Short Form health-care availability item (never has problem/has problem) at four time points (baseline, 2-month, 4-month and 6-month).
We assessed usage of the CareCall intervention using the data collected by the IVR system. We defined nonadherence to the intervention as missing three consecutive weekly calls. The CareCall telerehabilitation coordinator kept a log of all the calls she made to and received from intervention subjects.
Data collection procedures
Data collectors administered all the outcomes assessments at baseline and 6-month visits in participants' homes; health-care utilization data were collected by the project coordinator during 2-and 4-month follow-up calls. Each potentially eligible participant completed a CareCall training telephone call to train and confirm their ability to use CareCall at baseline. Randomization was done after the baseline visit.
Control group. The control group interacted with their health-care professionals in their usual manner per current standard of care. Control subjects received a CareCall resource book developed by clinical experts, containing information and local resources.
Intervention group. Intervention group subjects received weekly automated calls from the CareCall for 6 months and could call into CareCall any time. The CareCall scripts were organized into modules, integrating content relevant to: skin care, depression and wellness, and health-care utilization. The system also included relevant prerecorded vignettes from people with SCD, and relevant recorded comments from health-care professionals. These modules used branching logic based on personalized information and subjects' responses during calls to tailor content throughout.
CareCall's content was developed based on the Transtheoretical model, 15 and the social cognitive theory, 16 as well as the heuristics of experienced counselors and evidence-based practice as described elsewhere. 10 
Statistical analysis
We calculated the mean, s.d. and range for each continuous variable, and frequency distributions for categorical variables. Because of the small sample size, we dichotomized some categorical variables (for example, in the past 6 months, how often has the availability of health-care services and medical care been a problem for you? (0: never, 1-4: have some problems)). For categorical variables, the w 2 test was used to compare the proportional difference between In a typical day, use a wheelchair at least 6 h/day during normal waking hours X18 years of age Report of physician confirmed diagnosis of MS or SCI Absence of cognitive impairment on the Telephone Interview of Cognitive Status-Modified (TICS-M), score X20 Able to give written, informed consent Able to speak and understand conversational English Must have health insurance or pending health insurance (any kind) Available for the full 6 months of the study Able to complete CareCall Training Call Must be living in a private residence of any kind Exclusion criteria:
Presence of stage 3 or greater pressure ulcer (PUSH-3) Severe major depression (Patient Health Questionnaire-9; PHQ-9 X20) Bipolar disorder (self-report of diagnosis) Nontraumatic SCI diagnoses with fast progression: amyotrophic lateral sclerosis, post polio and metastatic disease of the spine At urgent risk of self harm and has a plan to hurt himself/herself per the study's Self-harm Protocol No access to telephone for 6 months of the study Current pregnancy Surgery scheduled during 6 months of study MS only: one or more MS exacerbations in the last 30 days as reported by patient (could wait until stabilization to participate) study groups. For continuous variables, a two-group t-test was used to test the mean difference between study groups.
We used logistic regression to test for study group effects in predicting the presence of one or more pressure ulcers at 6-month assessment, adjusting for the presence of pressure ulcers at baseline, age and gender. The general linear model was used to test the study group effect in 6-month severity of depression, adjusting for baseline depression, age and gender. We tested whether there was an interaction effect between severity of baseline depression and study group assignment on the severity of depression at 6 months.
We applied the generalized estimating equation to test the group study effect on hospital visit/emergency room visit/health-care availability at 2-month, 4-month and 6-month time points, adjusting for each baseline health-care utilization variable, age and gender. We used an unstructured working correlation matrix in the generalized estimating equations model estimation. Subjects' data were included in the health-care utilization and health-care availability analyses when at least one data point was present at baseline, 2 months, 4 months or 6 months.
The primary analysis was the intention to treat; all analyses were conducted using Statistical Analysis System software version 9.1.
We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research.
RESULTS
Sample characteristics
The study sample (Tables 2 and 3 ) consisted of 106 community participants with SCI (75%) and 36 with MS (25%). Many subjects had a history of pressure ulcers (46.5%), with 7% having ulcers at baseline. Of the total sample, 38.7% had a past diagnosis of depression. At baseline, there were no statistically significant study group differences in the prevalence of pressure ulcers, mean severity of depression or the percentage reporting issues with health-care availability. However, the intervention group reported more emergency room visits and hospitalizations compared with control group subjects.
Pressure ulcers
The CareCall intervention did not have an overall positive impact on reducing the number of pressure ulcers at 6 months, controlling for baseline number of pressure ulcers, age and gender. However, among women in the intervention arm, there were no pressure ulcers at the 6-month visit (Figures 2a and b) . A one side test (P ¼ 0.04) indicated that among women, there was a significant study group difference in the percentage with one or more pressure ulcers. No positive CareCall effect was seen for men (P40.05).
Depression
The linear model analyses, controlling for age and gender, revealed a significant interaction between baseline depressive symptoms and CareCall (Po0.0006) ( Table 4) . Among those who reported having depressive symptoms at baseline, we observed a statistically significant difference in 6-month severity of depression between the intervention and control groups (effect size ¼ À0.56; 17 t ¼ À2.18; P ¼ 0.038) Pilot study of a telehealth intervention 'CareCall' BV Houlihan et al ( Figure 3 ). The nonparametric test (Wilcoxon two-sample test) confirmed the above finding (P ¼ 0.0495).
Health-care utilization
At the 2-, 4-and 6-month follow up periods, there were no statistically significant study group differences in the percentage of subjects who reported having an issue with health-care availability, reported emergency room visits, or hospital stays. CareCall did significantly improve subjects' self-report of health-care availability (Table 5) .
CareCall usage
CareCall calls were 13.3 min on average (range: 5-30) and subjects completed, on average, 12.4 total calls over 6 months. There were 37 intervention group subjects (22%) who were nonadherent, missing on average three calls in a row three separate times over the 6-month period. All 71 intervention participants received, on average, 11 calls from the telerehabilitation coordinator (median: 9; range: 1-39), lasting an average of 4.12 min each (median: 3.67; range: [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] .
DISCUSSION
This study revealed promising evidence of CareCall's 6-month efficacy in reducing the prevalence of pressure ulcers among women and reducing the severity of depression. CareCall did not increase the use of preventative outpatient health care, nor reduce emergency room visits and hospitalizations. The study sample did, however, report increased levels of health-care availability. The impact on our hypotheses is particularly encouraging given the relatively short follow-up.
This investigation provides important new information on a promising strategy for preventing secondary conditions among adults with SCD. Two systematic reviews of follow-up care and of telerehabilitation interventions for people with SCI noted a lack of rigor in reviewed studies, and no significant differences reported in pressure ulcer development. 18, 19 In this context, it is particularly notable that CareCall demonstrated efficacy on both pressure ulcer prevalence and severity of depression.
Analyses revealed that the CareCall intervention reduced the number of pressure ulcers among women but not for men. Of note, in previous research, IVR user acceptability studies have not revealed similar gender differences. 8, 20 However, previous research has not included individuals with SCI.
Additional gender analysis of CareCall usage reveals some useful insights. Men in the CareCall group made a similar number of calls as women, and the average call length was similar. However, there was a borderline significant trend of more calls by women to the telerehabilitation coordinator (17.8 ± 15.2) than men (11.4 ± 7.5) (P ¼ 0.08). Moreover, within the intervention group, we observed a rather counterintuitive finding: the odds of men reporting turning in bed every 2-4 h were 4.5 times higher than for women (P ¼ 0.008), even though it was women who demonstrated reduced pressure ulcer prevalence. Other reported skin care behaviors, such as pressure relief while seated, demonstrated no significant difference by gender in the intervention group. The lack of an effect on pressure ulcers among men suggests that the basic strategies employed by CareCall to provide ongoing feedback to improve skin care behaviors, and support to overcome barriers, ultimately may not be effective for men. Future qualitative research may be useful to help understand this surprising result. CareCall achieved improvement in depression scores over the course of the study for those with the greatest depression at baseline. We know of only one other IVR intervention study meant to reduce depression; 21 as with CareCall's depression module, it combined assessment with education and referral. CareCall, however, is the first to target persons with SCD to reduce depression, and the first to show a significant improvement at 6 months.
Despite no evidence that health-care utilization was directly affected by CareCall, intervention group participants reported that health care was more available to them post-intervention. Possibly, subjects viewed receipt of CareCall itself as increasing their access to services, particularly given CareCall's provision of telerehabilitation coordinator telephone follow up.
A major strength of telehealth interventions is the ability to fill service gaps in the community by identifying health-related problems as they arise and offering relevant counseling and resources at pointof-need. Live telephone interventions could therefore be more tailored to an individual's readiness to change compared with traditional rehabilitation. By contacting people within the context of their lived environment, intervention is often more relevant without relying on the person's willingness and ability to seek out assistance. These same arguments can be extended to automated telephone interventions such as CareCall as a supplemental method to traditional rehabilitation, especially given the evidence that users do indeed form relationships with the IVR system as they would with a 'live' person. 8 A major strength of automated interventions similar to CareCall is their potential for substantial health-care cost-savings, 22 given that most traditional telephone follow up occurs at specialty medical facilities requiring dedicated staff and resources. Importantly, Xu et al. 22 demonstrates savings may be achieved with little loss in efficacy. A further strength over traditional telephone follow up is CareCall's ability to identify unmet needs even many years post diagnosis. Because CareCall is designed to work across multiple settings, it can provide a wider outreach to persons who may not be medically connected, and who, in turn, may be more likely to have unmet needs.
Study limitations
These findings must be viewed as preliminary due to the small sample in this study implemented in one region of the country across two facilities. Also, limited sample size did not allow for an analysis of differential efficacy across MS and SCI subsamples. Another limitation of the study was the need to require that participants have insurance or pending insurance and live in a private residence by virtue of the pilot nature of this study. People motivated enough to opt-in to a study may have more motivation than their peers, and perform better with CareCall. Lastly, we did not control for, nor collect data on, other treatments subjects may have been receiving.
CONCLUSION
CareCall offers an innovative approach to providing ongoing care aimed at preventing secondary conditions and maximizing health. This is the first study to report positive preliminary efficacy results for an automated telehealth intervention for adults with SCD. Future research needs to replicate this study in a larger sample across multiple settings in more regions of the country.
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